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Introduction

Forced-air patient warming systems, such as Bair Hugger
(Augustine Medical Inc., Eden Prairie, MN, USA), were devel-
oped in the 1980s and are acknowledged as being the most
clinically effective patient warming modality [1,2]. The advan-
tages of avoiding hypothermia for patients undergoing major
surgical procedures are well established, and include
decreased blood loss (with consequent reduction in blood
product use) [3], wound infection [4], duration of intensive
care and hospital stay [5,6] and cardiac ischaemia [7,8], and
increased survival [6,9,10]. However, a potential disadvan-
tage is the risk for bacterial contamination of the operating
theatre environment. Prolonged exposure of the patient to the

exhaust of the warming blanket could potentially mobilize their
resident skin organisms into the theatre atmosphere, and
thence into the surgical field, possibly increasing the risk for
prosthetic material infection. This has not previously been
investigated.

We studied whether use of the Bair Hugger patient warming
system increased bacterial contamination of the operating
theatre and the surgical wound during prolonged surgery.

Methods
Sixteen consecutive patients undergoing aortic surgery with
prosthetic graft insertion were prospectively studied. All vas- R13

Abstract

Introduction Use of the Bair Hugger forced-air patient warming system during prolonged abdominal
vascular surgery may lead to increased bacterial contamination of the surgical field by mobilization of
the patient’s skin flora.
Methods This possibility was studied by analyzing bacterial content in air and wound specimens
collected during surgery in 16 patients undergoing abdominal vascular prosthetic graft insertion
procedures, using the Bair Hugger patient warming system. The bacterial colony counts from the
beginning and the end of surgery were compared, and the data analyzed using the Wilcoxon matched
pairs test.
Results The results showed not only that there was no increase in bacterial counts at the study sites,
but also that there was a decrease (P<0.01) in air bacterial content around the patient and in the
operating theatre after prolonged use of the patient warmer. No wound or graft infections occurred.
Conclusion The use of this warming system does not lead to increased bacterial contamination of the
operating theatre atmosphere, and it is unlikely to affect the surgical field adversely.
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cular surgery was performed in a standard positive pressure
theatre. The Bair Hugger upper body blanket (model 522)
was used for all patients. Bacteria sampling sites are shown
in Fig. 1. Air samples were taken using standard techniques
from the theatre atmosphere (sites A1–A3) and around the
axillae (sites B1 and B2), where the exhaust air emerged,
using the Biotest RCS centrifugal air sampler and Biotest
Hycon TC agar strips (Biotest UK Ltd, Solihull, West Mid-
lands, UK). A total of 160 l of air was sampled in 4 min from
each of these sites. Sterile swabs were used to take speci-
mens from the warming unit and hose (site C) and immedi-
ately plated onto standard blood agar culture media. Further
specimens were taken from the wound edges with touch
plates of blood agar (site D). Two readings were taken from
each site, one when the warming blanket was first applied at
the start of the operation and again at the end of the opera-
tion. All the culture media were then incubated at 36°C for
24 hours. The number of bacterial colonies visible to the
naked eye on each of the agar strips and culture plates were
then counted by hand and recorded.

The duration of the operation was recorded. There were nine
staff circulating in the operating theatre: three surgeons, two
anaesthetists, one operating department assistant and three
nurses. All patients had three doses of intravenous antibiotics
perioperatively. The data were analyzed using the Wilcoxon
matched pairs test [11].

Results
Twelve male and four female patients were included in the
present study. Their mean age was 72.5 years (range 60–86
years). The mean duration of use of the warming blanket was
234 min (range 180–270 min). From each site, the number of
bacterial colonies at the start of surgery was compared with
that at the end of the operation.

Results are shown in Tables 1 and 2. All operating theatre air
specimens (sites A1–A3) exhibited a decrease in colony
counts at the end of surgery (mean reduction 36.4%). The
exhaust air (sites B1 and B2) colony counts also decreased
at the end of surgery, although the size of the reduction was
much less (mean reduction 9.5%). In the Wilcoxon matched

pairs test, the test statistic T equalled 0, because the rank dif-
ference was negative for all specimens from sites A1–A3,
and B1 and B2. This indicates that there was a significant
decrease in the colony counts at the end of surgery as com-
pared with the beginning (P < 0.01). All filter (site C) and
wound specimens (site D) were sterile.

None of the patients developed postoperative wound or pros-
thetic infections during a 6-month follow-up period.

In the present study bacteria were not typed; only the
absolute numbers of colonies cultured were counted. Typing
was to be done only if there was an increase in colony counts
at the end of surgery, and this did not occur in any of the
patients studied.

Discussion
As indicated above, the benefits of maintaining normothermia
in surgical patients is well documented. It has been shown

Figure 1

Sampling sites. A1–A3, room air; B1 and B2, exhaust from under
drapes; C, hose and filter of warming unit; D, wound.

Table 1

Comparison of the mean number of colonies

Mean number of colonies

Site (see Fig. 1) Start of operation End of operation Mean change

Operating room air (A1–A3) 112.9 (82–296) 71.7 (62–162) 36.4% reduction

Exhaust (B1 and B2) 31.6 (22–90) 28.6 (15–86) 9.5% reduction

Hose/filter (C) 0 0 –

Wound (D) 0 0 –

Values are expressed as mean (range).
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that the warming equipment itself does not cause bacterial
dispersal [12] but the role of patient flora was not investi-
gated and the study was not conducted in a true surgical
setting. This remained a concern in our unit, especially
because some bacteria in wound infections originated from
the patients’ skin [13]. The present study did not show any
increase in the mobilization and dispersal of patient resident
skin organisms. The exhaust air from beneath the surgical
drapes, which had passed over the patient’s skin, showed a
decrease in the number of bacterial counts at the end of
surgery, and this demonstrated that there was no increase in
air contamination associated with the Bair Hugger patient
warming system. Furthermore, it indicated that the warm air
stream did not force circulation of the patients’ skin organ-
isms. If the Bair Hugger were affecting the atmosphere
adversely, then the room air counts would also be expected
to increase rather than decrease. In fact, the colony numbers
in room air and system exhaust were reduced and this was
consistent.

Although the study was not designed to evaluate other
causes of bacterial presence in the operating theatre, we feel
that the higher count at the beginning of surgery in room air
may be due to the unrestricted movement of personnel in and
out of the operating room, with opening and closing of doors,

leading to increased air flow and turbulence. Toward the end
of surgery, movement of staff is much less and this may
explain the fall in bacterial counts seen as the air turbulence
decreases [14,15].

Conclusion
We conclude that the use of the Bair Hugger patient
warming system during prolonged abdominal surgery does
not lead to increased bacterial contamination of the operating
theatre atmosphere, and it is therefore unlikely to cause con-
tamination of the surgical field.
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Table 2

Comparison of colony numbers

Number of bacterial colonies at different sites (see Fig. 1)

Room air (A1–A3) Exhaust (B1 and B2)

Patient number Pre Post Change Pre Post Change

1 112 71 –41 29 27 –2

2 102 62 –40 32 30 –2

3 99 70 –29 24 22 –2

4 98 73 –25 22 21 –1

5 97 62 –35 27 25 –2

6 120 67 –53 25 23 –2

7 89 63 –26 37 25 –12

8 129 73 –56 24 22 –2

9 124 68 –56 27 23 –4

10 296 141 –155 90 86 –4

11 98 70 –28 30 24 –6

12 82 63 –19 31 30 –1

13 96 66 –30 22 20 –2

14 91 64 –27 28 25 –3

15 90 68 –22 31 29 –2

16 83 66 –17 27 26 –1

Key messages

• Forced-air warming does not force patient’s resident
skin organisms into and contaminate the operating
theatre atmosphere

• Such systems are unlikely to increase the incidence of
wound and prosthetic infections
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